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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 509

TANK TESTS OF FLAT AND V-BOTTOM PLANING SURFACES

By James M. Shoemaker

SUMMARY

Four planing surfaces, all having beams of 16 inches

and lengths of 60 inches but varying in dead rise by l0 °
increments from 0 ° to 30 0 were tested in the ?_.A C A

tank. The results cover a wide rang_ of speeds, loads,

and trim angles, and are applicable to a variety of prob-

lems encountered in the design of seaplanes.

The data are analyzed to determine the characteris-

tics of each surface at the trim angle giving minimum re-

sistance for all the speeds and loads tested• A planing

coefficient intended to facilitate the application of the

results to desi_n work is developed and culves of resist-

ance, wetted length, and center of pressure are plotted

against this coefficient. Several e_ples, showing the

application of the test data to specific design problems,
are included•

INTRODUCT 101T

The bottom of a seaplane hull or stepped hydroplane

is ordinarily made up of two planing surfaces, one run-

ning in the wake of the other, separated by a discontinui-

ty, or step. In the case of the seaplane hull most of the

load is carried on the forward surface, or forebody. The

function of the afterbody is primarily to provide longitu-

dinal stability at low speeds. Tests of complete hulls

give only the combined effect of these two surfaces, in-

cluding the interference of the forebody wake on the af-

terbody. A study of simple planing surfaces offers a

means of segregating the performance of the working por-

tion of the boat bottom from the effects of other parts

that may be necessary in a seaworthy boat, but do not aid

in carrying the load.
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Previous work on the problem of planing surfaces (ref-
erences 1 to 5) has furnished a good understanding of the
behavior of planing boats. In general, such craft are dis-
tinguished from displacement boats by the fact that a part
of the lifting force is supplied by the dynamic reaction of
the water against the bottom, arising from the downward
momentum imparted by the forward motion of the inclined
bottom surface. A considerable variety of bottom shapes
are capable of providing planing lift, but all such shapes
have several characteristics in common. The longitudinal
sectlonB approximate straight lines, terminating at a sharp
discontinuity at the after end. In a boat with more than
one pla_i_g surface this discontinuity is known as a "step."
In _rder to furnish an upward dynamic reaction, it is nec-
essaryl that the water flowing off at the step be directed
downward from the free-water surface. Planing bottoms usu-
ally intersect the sides of the boa_ in sharp chines, to
prevent the water from following up the vertical surface.
Other methods, such as lapped strakes, have been used suc-
cessfully to accomplish the same purpose.

At rest and at low forward speeds the planing boat is,
of course, supported by buoyant forces. As the speed is
increased the high pressures resulting from the dynamic
reaction on the bottom cause the water to flow out from
under the chines and step with sufficient momentum to clear
the adjacent vertical surfaces. The transition from float-
ing to planing thus takes place gradually as the speed is

increased. For the purposes of this paper, planing will
be defined as the condition wherein the vertical surfaces

of the hull are running entirely dry; that is, only the

bottom, bounded by the chines and step, is in contact with

the water. It should be noted that even in this condition,

the load is not entirely carried by dynamic lift, The

bottom surface of the boat is still below the free-water

level; consequently there is a hydrostatic reaction act-

ing on it in addition to the force required to give down-

ward momentum to the water.

The present tests are intended to give numerical data

on the resistance, center of pressure, and wetted length

of a planing surfac_ running at any load, speed, and trim

angle within the useful planing range. The previous ex-

perimental work on the subject has covered only a rather

small range of speeds and loads, and the theoreticaltreat-

ment to date does not offer a workable means of extending

the results to cover all cases of interest to the design-

er. The subjects of pressure distribution on a planing
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bottom and of wave formation are not treated here. Sot-
torf's excellent experiments on these phases of the prob-
lem (references 2 and 3), although necessarily limited to
relatively few spcods and loads, give adequate information
on the phenomena involved and offer a sound basis for fu-
ture theoretical work..

The tests covered in this report wore made in the
N.A.C.A. tank during November 1933. They include force
measurements on four planing surfaces all having a beam
of 16 inches but varying in dead rise from 0° to 30° by
l0 ° increments. The results are directly applicable to
the design of planing boats having straight V bottoms,
and also offer a r._eans of deterrAining the effect of dead
rise, unobscured by the influence of the other design
characteristics of an actual boat hull. (See reference 6.)

AP_AP_ATUSAND PROCEDURE

_]_para_tu_s.- The N.A.C.A. tank, in which the present
experiments were conducted, is described in detail in ref-
erence 7. The a_paratus used in the planing-surface tests
has been altered _omewhat from that ?.escr!bed in the refer-
ence. The principal change is in the [_ethod of suspending
the l._odel. The prescott arrangement is shown schematically
in figure 1. it is sor:_ewhat more compact than the older
form of towing gate, and eliminates the necessity of cor-
recting for interaction of the load, resistance, and trim-
ming moment on the various meas_rements. The entire gear
is suspen_ed by two tapes connected to the counterweight
dashpot and rises and falls as a unit, instead of being
pivoted at one end. In the previous apparatus the reac-
tion applied to this pivoted end by the pitching moment of
the restrained uodel caused an error in the load on the

water that was negligibly small for seaplane hulls, but

became serious for the planing s_rfaces because of the

wide range of pitching moments encountered. In the pres-

ent apparatus this error is not present. The vertical

counterweights shown in figure I were added to red,eve the

effect of any slight acceleration of the carriage during

the test run. The weight of the model and gear is so great

compared to the l,esistance being _ueasured that a consistent

acceleration, although so small as to be imperceptible on

the speed record, will cause an appreciable error on the

resistance record if the system is not balanced against

longitudinal accelerations.
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The apparatus used to meas-_re the trim angle and mo-

ments in these tests is sir.ilar to that described in ref-

erence V. The model is restrained by a flat spring con-

trolled by means of an electric motor. The position of

the spring is set by the observer to hold the model at the

desired trim angle. The deflection of the spring from its

free position is calibrated to give the trir_ming moment

ir_.posed on the model.

l_o_del_s.- The principal dimensions of the planing sur-

faces used in this investigation are shown in figure 2.

The models were made of mahogany, and the bottom surfaces

were finished with gray enamel. Transverse stripes spaced

2 inches apart and numbered to correspond to the distance

from the trailing edge in inches were painted on the bottoms

of the models for the purpose of reading the wetted length.

The bottoms of all -_odels consisted of plane surfaces, in-

tersecting in a (_'harp edge at the keel for the three V-

bottom models.

Procedure.- The experiments were conducted in the

same manner as that used for "co:Gplete" tests of flying-

boat hulls at the N.A.C.A. tank. The procedure, described

in reference 8, consists of running the model at a series

of predetermined speeds, loads, and trim angles, and meas-

uring the resulting resistance, triturating moment, and draft.

In the present tests the wetted length, or distance from

the trailing edge to the farthest for_vard point in contact

with the water, was also read. In the case of the V-bottom

surfaces this point of contact is sharply defined as the
intersection of the keel with the free-water surface and

was read in a mirror set close to the water surface sever-

al feet to one side of the model. The flat surface, how-

ever, builds up above the free-_ater surface a small

"roll" of water, which emerges from the sides in the form

of spray. The wetted length for the flat surface was read

on the side of the surface at the forward portion of this

emerging spray. Sottorf's experiments (reference 2) show

that the curvature of the intersection of the roll of wa-

ter with the flat surface is very slight across the beam

and that this method of reading the wetted length gives

results which are satisfactory for design purposes.

Test s_ch_ed_llg_.- The schedule of loads, speeds, and

trim angles was determined to conform to the range of

these variables met in flying-boat practice. At the low

speeds and heavy loads corresponding to the floatlng con-

dition for a boat hull measurements were, of course, ira-
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possible. The lower limit of speed for a given load was

determined in the case of low trim angles by the wetted

length approaching the over-all length of the model and,

in the case of high trim angles, by the tendency of the

wave at the side of the model to fall inward and foul the

stern bulkhead. The latter condition corresponds to the

lower limit of the planing condition as defined in the in-

troduction to this paper. Higher loads could have been

carried at low trim angles if longer surfaces had been

used; the length chosen, however, is already somewhat

greater in proportion to the beam than that of the longi-

tudinally straight portion of most flying-boat hulls.

The v!;per limit of speed was chosen to correspond to the

average got-away speed of flying boats. In the case of

the fl,_t s_i_faco operating _nder light loads, an upper

limit of the speed was fixed by the fact that the model

started cha_terlng on the water surface when the wetted

length became very short. The resulting motion was a rap-

id vibration in pitch of sufficient violence to prevent

accurate measurements. The tests at the heavier loads

w_Bre carried out to high speeds in all cases. This con-

dition is not of interest in a flying-boat hull because

the wing lift reduce_ the load at high speeds, but it

does represe_t the care of a planing surface craft and is

of some value in the general study of _laning phenomena.

T are_eororections.- The windage tare for these tests

was determined with the model attached to the towing gear.

The trim angle was set at 0 ° and the height was adjusted

so that the keel cleared the water by 2 inches. Several

trim angles and water clearance_ were tried, and the ef-

fect of changes in these quantities was found to be small

for trim angles up to 8 o and water clearances down to 1

inch. This method of determining the wind:_ge tare differs

from that used in tests of seaplane-hull models in that

the air dr'_g of the model is not included in the _ater

resistance. The water resistance &oes include, however,

the interference between the bottom of the .uodel and the

water when the surface is runnin_ on the water. This pro-

cedure seems to bo logical, because a similar interfer-

ence is present in the case of a l_laning boat running on

the water. No attempt was made to determine the tare ef-

fects of air forces on the trimming :moment. The moments

used in the final computations arc those actually measured

on the models, corrected only for the moment about the

point of suspension produced by their weights.
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RESULTS

Test data.- The corrected values of resistance, wet-
ted length (w...1 ), center of _ressure (c.p.), and draft
for each speed, load. and trim angle are given in tables
I to IV for the four models. The values _iven are the
direct observations for each test point with the excep-
tion of the resistance and the center of pressure. The
center of pressure was determined graphically from the
known trinuing moment and load-resistance ratio as the
intersection of the resultant water force with the keel
line of the model, and is given as the distance in inches
from this intersection to the trailing edge of the bottom.

The data given in the tables, with the exception of
the drafts, are plotted in figures 3 to 19. The resist-
ance values read from the curves in these figures were
cross-plotted against trim 8ngle to deterz_ine the minimum
resistance and the best trim angle for each load at a se-
ries of selected speeds. The wetted lengths and centers
of pressures for the same loads and speeds were then de-
termined for the best trim angles from cross-plots of
these quantities against angle. The results of these op-
erations were reduced to nondimensional form, and are
presented as _urves of resistance coefficient, best trim,
angle, wetted length, and center of pressure, all plotted
against speed coefficient, in figures 20 to 27. The co-
efficients are the earle as those used in the analysis of
the test results of flying-boat hulls. (See reference 8.)
They conform to Froude's law of similitude, and are de-
fined as follows:

A
Load coefficient, C& = wb s

R
Resistance coefficient, C R = _b s

Speed coefficient, CV =
V

where

is the load on the water, lb.

R, resistance, lb.
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b,

V,

g,

weight density of water, !b./cu.ft.

(63,5 ib./cu.ft, for water in ]_.A.C.A. tank)

beam, _"

speed, ft./sec.

acceleration of gravity, ft./sec. 2

The wetted length and center-of-pressure distance in inches

have been divided by the beam in inches _o reduce these

quantities to nondinensional form. The results given in

figures 20 to 27 nay thus be used with any other consist-

ent sjstem of units.

Trecision.- The apparatus used in the present tests

gives measurements that are correct _ithin the following

limit SI:

Load on water • 0.3 lb.

Resistance .I lb.

Tri:_.uing n_.onent _i.0 lb.-ft.

Draft _.I in.

Wetted length -+l.O in.

Unste:_dy running of the models causes the scattering

of the test points to be somewhat greater than these vari-

ations in l articu_ar cases. The accuracy of the values

of the center-of-pressure location depends upon that of

the trir_mi_g-moncnt rc_odings. _or a load of 80 pounds,

a_.. error of 1 pound-foot c_ses e_n error of 1/80 foot, or

0.15 inch, in tile ce'ttcr-of-presnure location. The same
error in trinmin_ r_oL:.eut, howe_4er, ca,_ses %n error of 1/5

foot, or 2.4 inches, for a load of 5 pounds. The Scat-

tering of the values of center-of-pressure location is

consequently lar_e for the lighter loa_is, and the curves

of this quantity for loads less tLan 2C pounds have been

cr_itted in some cases.
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DI S_USSIOIT

Variatig_.!s._w.it)%_spee_.- The trend of the curves of

resistance, wetted length, an_ _enter of _ressure against

sp(_ed may be seen in figures 3 to 27. For low angles of

de_d rise, the resistance for a give:; load and trim angle

tends, in general, to decrease with increasin_ speed.

With increased dead rise thls tendency disc_eears and the

cR_rves for mo_lel 30, haviug the highest _!ead-rise angle

tested, show a pronounced increase in resistance with in-

croasinl speed. The wetted lengths :,nd distances from the

truiling edge to the centers of pres_uro decrease consist-

ently with increasing speed for all loads, trim angles,

and angles of dead rise. The trim _n_gle 7 o giving mini-

n_um resistance varies only slightly with speed for all the
plates except model 30, having 30 dead rise. For that

model, 7o increases with speed through a range of about
2 ° _hen the speed coefficient is increased fror_ 2.0 to 5.0.

The tendency of To to remain nearly constant with speed

is contrar_ _ to the results obtained from flying-boat tests.

The a!parent discrepancy _:sy be ascribed in part to the ef-

fect of the afterbody. The greater portion of the differ-

ence, however, i rob_bly arizes from the fact that the bluff

bo:v of the boat z_ull r_Jns in the water at low speeds and

low trim angles, c_u_iog high recista_Lce. Consequently,

for speed coefficients between 2.0 _na 3.0 increasing the

trim angle of the hull reduces the re_istai_ce by lifting

the bow out of the water. The planing surfaces within the

limits of their over-all length 8re .uot subject to this

cause of high resistance at low trim anglc_s, and conse-

quent _ the optimum value of the trim angle is somewhat

lower than that for a boat hull. At higher speeds, where

the planing bottom of the boat hull is long enough to keep

the longitudinally curved portion clear, the values of the

best trim an_lo for the hulls and planing surfaces agree

fairly well.

V ar!,%t_o%s _ith d_pad rise.- For a given speed, load,

and trim angle, _n increase in the dead-rise angle general-

ly causes an increase in the resistance, wetted length,

and distance from the trailing edge to th_ center of pres-
sure. There is also a definite increase of the trim an-

gle giving minimum resistance with increasing dead rise,

as may be seen in figures 20 to 27. The effect of dead-

rise angle on the load-resistance ratio is of particular

_nterest in seaplane design, because of the necessity of

keeping the landing shock as low as is consistent with
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good planing characteristics. Figure 28 shows the effect

of dead-rise angle on the load-res!stcnce ratio for a num-

ber of values of the s_eod _nd lea4 coefficients. It will

be seen that, in general, the smaller dead-rise angles

give higher values of A/I{. This effect is particularly

pronounced at high s'pceds.

D e.y.elo_pment of .p_!an_i_Ig_g0_effiq_ent_..- In order to fa-

cilitate the use of the test results in design work, and

to provide a means of extrapolating to hitcher speeds and

loads than those tested, the values of load-resistance

ratio, wetted length divided by beam, and center-of-pres-

sure distance divided by beam are plotted against a plan-

ing co effic_.ent

A

I V 2 b 2P

in figures 29 to 32 for the four planing plates. The co-

efficient K is based upon the formulas developed by
H

Sci_roder in references 9 and lO° The as sur_pt ions involved

in Schr_dor's formulas are that in the planing condition

the effect of gravity forces on the flow za:- be neglected

and that the friction coefficient does not change with

sp_ed. All of tLe load is thus ass_lued to be carried by

the dynamic reaction of the _ater; hence if the ratio of

_/V 2 is held consta:_t for a given plate form, size, and

trim angle, the valu_._s of A/R, w.1./'b, and c.p./b

will also remain constant. The coefficient is made non-

dimensional by dividing _,/V 2 by 0b2/2 where p is

the L_ass density of vtater and b the beam, and in this

form it applies to any size of plate. The relation be-

tween K and the coefficio_ts C_ and C V may be shown
as follows:

K
A

V 2 b 2

where p =

A =

w/g, the mass density of water, slugs/cu.ft.

CA v:bs

V

then K =

lw
2 g CV2 gbs

CA

CV 2
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When hulls of the same form but of different size are
compared according to Fronde_s law, that is, with the val-
ues of CA and CV the same in the two cases, the value
of K will also be the sate. The converse, however, is

not true, since a given value of X may correspond to any
values of CA and CV that give the correct ratio of
2CA/Cv 2. The use of this plani_g coefficient is thus con-
fined to cases in which the effect of gravity, and there-

fore the limitations imposed by Froude's l_v,', can be neg-

lected. The points shown in fig_res 29 to 32 were calcu-

lated from the curves of figures 20 to 27 for a series of

values of CA and CV. The scattorir.g of the points is

at. indication of the validity of the assu:Iptions involved

in the development of the planing coefficient K. It may

bc soon that the scattering is chiefly confined to the

Feints for small vuluos of C A , corresponding to a rela-

tively hitch pro_,¢rtion of hydrostatic lift on the planing

pl_tc. The points for the hijhcr values of CA lie reas-

onably cloze to the mean curves, thus indicating that the

curves ma_ be u_ed to determine the v_lues of A/R, wet-

te_ length, an_ center of _ressure for higher values of

CA and C V than tho_e covered by tLc present tests. Al-

though the curves of figures 29 to o_ give only the re-

sults for the b_st trim anglos, the a_me method may be

used to extrapolate tLc test results for any other trim

to vclues of loa_ and speed greater than those tested.

EX-_I<F LE S

The calculations for s_voral typical cases will be

given hero in order to show the application of the results

to 4usign Droblcms.

(1) The fore body of a flying bo_t having 20 ° dead

rise carries a lead of 10,C00 pounds at bS feet per second

on a 7-foot beam. _equired to find the lowest trim angle

that will hold the '_,etted length to <' feet on the longitu-

a inally strai_ht r laning bottom, an,L the corresponding re-

sistance a_,d center of pressure. Usi_g the oricinal model
" ' = {bz_ S where the

results (figs. _I to 14), we h_ve _m Af \_f_/,

subscript m re_rese._ts model conditions end subscript f

I0000
- 69.1 lb.

14.4.6
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v= = vf vf ) - 2 29 .- 24.0 f.p.s.

7
(w.l.)m = _-b m = 1.0 X'I6 in. = 15 in,

Ir.terpolating between the wetted lengths for 60

pounds and 80 pounds at T = 8 ° and V = 24.0 feet per

second (fig. 13) the _etted length for A = 69.1 pounds

is fou_d to be 17.2 inches. The trim an_le req_ired to

&live a wetted length of 13 inches is thus slightly great-

er than 8 °. A similar i-nterpolation ,_or T = I0 ° gives

a wetted length of 12.6 inches. Interpolation between

these two w_lucs shows the trim anglo for a wetted length

o2" 15 inches to be 8.5 °. The values of R m and (c.P.)m

,or * = 69.1 '_ou-,;ds are next found by interpolation for

angles of l0 ° and 8 ° . Cross curves of these values, in-

terpolated to T = 8 5 o. , give .

R m = 12.0 lb. (c.p.)m = 7.8 in.

from which

"b_ 3
Rf = 12 0 = 12.0 X I=_.6 : I, .

and

" bfN

(c.p.)f = 7.8 in. k_-J = 7.8X5._5 = 41.0 in. or 3.41 ft.

(S) The forebody of a flying boat having 20 ° dead

rise carries a load of 10,000 pou_ds at 55 feet per sec-

ond on a V-foot beam. Required to find the wette,l length

of longitudinally straight planing bottom when the hull

is running at the best trim angle, and the corresponding

resistance, trim angle, and center of pressure

A ICOOO IOOOO
CA = - - = O. 457

wb a 64X7 s , 21950

V 55 55
C V - _ .... - - -- 3.67

gb JZ2.2X7 15

_or these values of

24 and 25,
CA and C V, we find from figures
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CR = 0.072 w.l.b - 1.45 C_t_P_'_b-- 0.72 To = 6.4 °

then

R = 0.072 wb s = 0.072 X 21,950 = 1,600 lb.

w.i. = 1.45 × 7 = 10.15 ft.

c.p. = 0.72 X 7 = 5.04 ft.

(3) A flat planing surface (0 ° dead rise) carries a

load of 2,C00 pounds at 30 feet per second. Ri_qulred to

find the beam necessary to give a wetted length of 2b

when the surface 18 running at the best trim angle, and

the corresponding resistance, wetted length, and center of

l_res sure.

The beam is unknown, hence the coefficients CA and

C v cannot be computed. ._ direct solution, however, may

be obtained from figure 29. The valtle of K for

w.l.
.......= 2 is 0.112.
b

A I 64

K - _ V_ b_, for sea water 2- p - 2 × 32.2 0.995
P

0 . 112 =
20O0

0.995 X 302 b _

2000
ba = - ..................................... = 20

0.995 x 900 x 0.112

b = 4.47 ft.

for K = 0.112, A_ = 7.02 and c.p- = 1.40
R b

2OOO
R ......... 286 lb.

7.0;3
c.p, = 4.47 X 1.40 = 6.26 ft.

This solution may now be checked, using the known

beam by means of figures 20 and 21,

A 2000
CA = .... ---= ............... = 0.35

wb S 64 X 89.5

V 30

cv = J 12 2.5

for these values of CA and CV in figures 20 and 21.
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C R - 6.0493 w.1, £oA.. .......... = 2 15 ...... = 1 45
b " b "

R = 0.0498 wb s = 28S lb. w.1. = 2.15 b = 9.61 ft.

c.p. = 1.45 b = 8.48 ft.

(4) The fol-ebody of a seaplane float having S0 ° dead

rise ca_'ries a load of 2,000 pounds at 50 feet per second

on a beam of 3.5 feet. Required to find the b'_st trim

an_f,le, an& the corresponding resistance, wetted length and

center of pressure at best angle.

2C00 50
CA O.726 C V = = 4.72

64 x 3.5 a - _/ 32.2 X 3.5

This _alue of CA is outside tLe range tested, hence the

curves of figure 32 will be used.

2000
K = : 0.066

0.995 X 2500 X 12.2

for this value of _[

2, 5.15 w.l.- ...... = 1.53 -c-'--P-" = 0.74
R b b

R = 588 lb. w.l. = 5.36 ft. c.p. = 2.59 ft.

C01CLUDING REMARKS

The test results presented in this paper should aid

tLe designers of seaplanes in rushing preliminary calcula-

tions for uew designs, and improve the general understand-

i_g of the phenomena encountered in the planing condition.

The d esigner should bear in mind that the ;_easurements

given are strictly applicable only • to bottoms of the forms

tested, running in undisturbed water. The forces recorded

include the water reaction and such air forces as arise

from the interference between the bottom and the water

surface. The air drag of the boat hull must be estimated

separately in order to arrive at the total resistance as

measured in hull-model tests.
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The characteristics of a hull at speeds below the

lower limit of planing can be determined only by actual
model tests. The magnitude of the hump resistance, how-

ever, can probably be estimated reaso_ably well for a

hull having a long flat on the planing bottom, since the

hump usually occurs at speed coefficients within the range

covered by these tests.

Further work on planing surfaces is included in the

research program of the N.A.C.A. tank. Surfaces with lon-

gitudinal curvature and with arched cross sections will
be tested in the near future. Theoretical work on planing

phenomenat particularly on the form of the wake acting on

the afterbody of a stopped boat, is needed. The appendix

to this paper offers a solution to this problem for a sim-

ple case. It is hoped that the experiments reported in

the present paper, together with the work done by Sottorf
and others, will lead to a more scientific foundation for

future design work.

Langley _emorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., September 7, 1934.
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APPE__:DIX

WAKE OF 9_LJ.T SUIIPACE

The experimental results _resented in this paper of-

fer a basis for calc_lating the performance of an unstepped

planing surface, or of the forebo::y of a stepped hull. Es-

timating the forces on the aftcrbody of a flying boat or

hydroplane, however, is complicated by the fact that the

planing surface is working in the disturbed wa] e of the

forebody. The wake of a V-bottom planing surface has a

comolex form that changes considerably with changes in

the speed, load, and trim angle. Sottorf _as measured

the contours of the wave formation for several planing

surfaces, and <ires a good description of their general

characteristics _n reference 3. The procedure involved in

such measurements is so laborious, however, that complete

experiments to determine the wake profiles for all the

cases covered in the present paper are not practicable.

Atcombinations of the independent variables that

cause the surface to be supported primarily by dynamic

lift, the wake of a flat-bottom surface approaches a fair-

ly simple form. It takes the approximate shape of a rec-

tangular trough-like depression for a considerable dis-

tance aft of the trailing edge of the surface. A theoret-

ical solution of the _ako ::rofile for such a case is of.

fered here in the hope that it --ill be of some use in it-

self, and may lead to formulas for calculating the shape

of the; wake for less simple conditions.

Referring to figure $3, it is assumed that the hy_ro-

static lift is equal to the weigh% of water displaced by

that _:ortion of the surface extc:_ding below the free-water

surface; then

wbd 2
Hydrostatic lift = .......... (1)

t a_l T

where w is the weight-density of uater, ib./cu.ft.

b, beam, ft.

d, draft, ft.

T, trim angle.

Representing the total load by A and the dynamic lift by L
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w bd2 L w b d2

! = A- 2 tan x' _ = i- 2A tan _ (2)

If the effect of the static lift on the wake profile

is neglected, and the wake ordinates measured below the

base line a-a, the dynauic lift L can be equated to

the downward momentum imparted to the water in unit time,

thu s

L = p S Vu.1 (3)

where p is the mass density of water, slugs/cu.ft.

S, an unknown area of apparent mass

V, the translational speed of the surface

U the do_nward velocity of the water surface

at station i.

_y this definition, S is an unknown cross-sectional area

of water such that if all the water passing through this

area in unit ti1_e were given a downward velocity of u l

the momentum thus imparted would equal the dynamic lift.

The subsequent solution depends upon the assumption that

S re_ain the sar.e for all stations along the wake. At

any station a distance x behind the trailing edge of

the surface the total kinetic plus potential energy of the

wake is assumed to be constant, and equal to the kinetic

energy at station l, the after edge of the surface.

S V ul 2 (4)
K El = 2

The potential energy at any point is equal to the

work required to depress the water surface a distance z

against the hydrostatic head. The potential energy _t any

station x for unit time is thus

w b V z_= ................ (5)
2

v:here b is the width of the trough, assumed to equal

the beam of the surface. The total energy is

p S V ul _ p S V u _ w b V z2
+ (6)

2 2
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where u is the downward velocity of the surface at x.

From equation (3), p S V uI = L, hence (6) may be re-

writt on

L ul = p S V u 2 + w b V z2 (7)

Assuaging that the speed of the wake relative to the plan-

ing surface equals V, we have

dz u V dz

dx V ' dx

Substituting in (7)

P $ V 3 /dz'_ w bV z2 (9)

dz

<T;--_7-L---_-{-_EV

_IX

./-p S VS

(lO)

1 dz dx

....................... = J"-i- ....... -:c,/-j--_-{ / / L _, _, p s v
/ ......... Z

_,' w b V

(il)

1

/
v w b V

-I
sin ----_--_7/LLT__-_..-. =

,J w bVl

+ C_ (12)

• J

z - 0 when x = 0, hence Cl = 0

(13)

_ssu.uing that the wake surface _t station 1 is parallel to

the planing bottom, we may substitute V tan T = ul in
(13) to give

/{ tan• xJ,-_ bz = sin / (14)

w b <[p $ V_J
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,_ _rom equation (3)

t h e_ ;

L'= p S V u I = p S V 2 tan _,

o s v2 L (15)
tan T

• Making this substitution in (14) to eliminate the un-

known S, we have

/L_tan_T_ ( _/ww b tan T ) (16)z =,, w b sin x L

Equation (16) shows that, for the limiting case cor-

responding to no hydrostatic lift, the wake has the form

of a sine curve, and is independent of the speed. The

value of Zma x i_ found by equatimg

...... = 0 as
dx

f

Zmax J w b
(17)

and the value of x corresponding to Zma x is

F ..............

_- / L (18)
Xzmax 2 ^. w b tan T

As a check on the assumptions involved in the" forego-

ing derivation, the calculated wake forms are compared

with Sottorf's measurements (reference 3) of the wake be-

hind a flat surface of 0.30-meter (0.985-foot) beam car-

rying 18 kilograms (39.7 pounds) at a speed of 6 meters

(19.7 feet) per second, for three diffeLrent trim angles.

The olrves are shown in figure 34. It may be seen that

neglecting the effect of hydrostatic lift causes a serious

error in the calculated wa_e form for conditions corre-

sponding to values of L/& (hydrodynamic-llft/total-load,

equation (2)), appreciably below 1.O. As the value of

L/A approaches unity, however, the agreement becomes rea-

sonably good. It is hoped that further work on the prob-

lem wil] lead to a solution taking account of .the effect

of hydrostatic lift, and possibly to an extension cover-

ing the forz of the wake behind V-bottom surfaces.
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Water

Load ! Speed

lb . f.p.s.

5 20.7
26.4
31.2
36.0

I0 20.6

30.7
26.4
_i.8
37.0

_0 20.

20.7
36.3
31.3
36.6
46.5

40 36.1
35. ?
36.3
30.0
31.2
37"1.0
46. S

50 35.8
30.2
33.8
35.6
36.5
38.1
44.1
46.4

80 36.0
39,0
43.5
44.2
46.0

5 14.3
16.7

18.8
21.3
25.8
30.6

I0 14.3
16.8
19.0
20.8
25.8
30.6

20 14.2
14.8
16.8
18.9
_0.7
:_5.8
30.5
2,6.0

40 14.7
17.0
19.0
19.0
20.7
25.9
30,4

35.6
45.6

60 17.4
19.4
21.1

25.8
30.9
36. I
45.6

60 19.%
21.0
30.6
38.2
45.8

TABLE I. Test Data for M_de! 27, 0 ° Dead Rise

deasity 63.5 15./ou.ft, Water temperature 61 ° F. Kinematic viscosity - 0.0000123 ft.3/eec.

Trim angle, _ = 20

Resistance iOentsr of

prossu2e
lb. in.

0.8 0.3
8 .S

.8 5.I
•7 4.9

1.4 10.8
1.6 4.8
1.2 4.6
1.3 4.7
1.3 4.7

3.7 16,I
3.5 13.8
2.6 5.8
_1.4 4.6
:_.6 3.4
2.6 2.5

8.1 24.1
7.4 21.0
6.6 17.0
6.4
5.7 I0,2
4.6 4.9
5.2 4.3

Ii .8 33.0
11.5 25.0
10.4 17.7

8.6 10,8
8.2 9,6
8.8 10.1
8.4 7.6
7.0 4.5

14.6 21.9
13,2 17.6
12.3 Ii .9

II .8
10.4 _.6

Trim angle, 7 = 4 °

0.7 3.3
.6 1.8
.7 2.1
.6 1.9
.5 1.6
.6 1.8

1.2 8.6
1.2 3.1
1.2 3.1
1.8 3.1
1.8 6.4
1,2 5.4

2,7 12.7
2.6
2.4 7.2

2.3 6.3
9.2 2.9
2.2 3.0
2.8 3.3
2.2 4.1

5.6 23.4
5.7 19.5
5.3
5.3 15.5

5.0 10.6
4.:3 5.3
4.1 2.8
4,3 3.4

4,4 2.9

8.5 27.2
8.5 114.5
8,8 19.4

7,2 9.8
5.5 5,2
6.11 3.4
6.4 2.9

11.4 _ .9
11.4 27.0

9.1 8.8
8,2 5.2
8,0 5.2

IMeaeured from trailing ed_.

Wetted Draft

length
in. in.

4 0.4
2 .3
1 .3
1 .a

7 0.4
5 .5
4 .3
4 .4

.4

17 0.8
18 .8
8 .4
6 .6
5 .2
3 .3

30 1.0
30 .8

21 .B
14 .4
15 .8

9 .4
7 .6

44 1.8
32 I.I
23 .7
16 •5
I_ .6
16 .5
12 .4

9 .4

30 i. 1

.8
18 ,6

16 .5
12 .5

4
2
2
2
2
2

7
5
3
3
3
3

16
14

5
4
4
3

36
116
18

14
8
5

5
4

411
34

14

8
5
5

44

11
?
6

0.0

.11

.4

.2

.0

.I

0.2
,3
.3
.2
.I
.i

0.8
.?
.5
.4
.2
.3
.I
.i

2.0
1.7
1.2
.5
.6

.3
,I
.2
.3

2.8
2.8
1.6
.7

.4

.2

.3

3.3
8.4
.7
.3

Load

lb. f.p.s.

3 13.4
15._
17.9

Ig.2
21.3

10 13.4

15.3
18.0
19.3

36.4

20 13.0
16.1

15.0
148
19.6
21.a
_6.4

40 13.0
15.0
17.6
19.6
21.6
25.9
31.8

60 15.0
17.5
17.5
19.4
111.3

26.8
31.0
34.2

80 15,0
17,6
19.7

31.3
26.6
31.2
34,2

5

i0

20

4O

60

80

Trim angle, ¢ = 60

Speed I Resistance 1Center of Wetted

F

I
pressure

lb. in.

0.8 2,i
.T 1.8
.7 1,8
.8 2.0

.7 1.8

1.4 1.8

1.5 1.7
1.4 1.8
1.4 1.8
1.2 i.?
1.4 1.8

_.g 11.0

2.8 7.6
2.7 5.2
2.6 2.7
2.8 3.8
8.5 1.5
2.5 1.5

8.I 18.1
5.8 14.3
5.4 7.9
5.2 5.2
5.1 4.0
4.9 8.7
5.0 2.7

9.0 21.7
8.6 16.6
8.8 16._
8.5 ii.8
8.0 8.4

7.6 3.9
7.2 2.7
7.3 2.?

12.0 _6.1
12,1 22.1
11,8 17.6

11.3 11.1
10.1 6.3

9.7 5.0
9.5 5.0

Trim angle, T = 8 °

12.0
14.3
16.5
18.5

12.1
14.0
16.8
18.4
20.7

12.2
14,1
16.6
18.5
20.5

12.2
13.0
13.8
16.6

19.0
20.5
25.5

13.1
13.8
15.0
16.3
18.8
20,0
25.4
30.3

13.3
15.2
16.3
17.6

18.7
BO.O

25.8
30.0

0.9 i ,9
,9 1.9
.8 1.7
.8 1.6

1.6 5._
1.6 i.?
1.6 .5
1.6 .4
1.5 2.7

3.3 5.2
5.2 5.2
3.0 2.7
3.0 2.7
3.0 1.4

6.9 14.4
7.0
5.7 11.5

6.3 6.4
6.1 3.9
5.9 3.9
6.1 1.6

10.4 i 19.4
10._ 18.4
10.3

9.8 1_.3

9.4 8.0
9.3 6.4
8.8 3.9
8.7 8.6

14.0 23.1

13.8 30.5
13.5 18.4
13.7
13.I 1_.6
12.8 10.2
12.0 5.1
11.5 5,0

length
in.

3

2
3
2

4
3
3
3

2
2

13
10
7

4
4
S
3

28
23
ii
8
6

5
3

33
34
32
15
II
6
5
4

42
63
34
18

9
7

5

2
2
1
i

4
4
S
3
2

9
7
4

5
3

23
19
17
9
7
6
2

30
30

22
18
12
9
5

3

38
31
_6
21
18
15
?
6

Draft

in.

0.1
.1
.1
.4
.1

0.1

.1

.2

.5

.5

.1

0.9
.6
.2

.S

.3
.S
.1

2.6
1.6

.9

.S

.4

.3

.1

2.8
2.0
2.4
1.6

.7

.3

.2

3.9
3.3
2.8

1.5
.6
.5
.3

0.1
.i
.I
.5

0.2
.I
.I

.5

.3

0.6
.3
.2
.4
.4

2.11
2.2
1.5
.7
.6
.1
.2

3.6

2.9
2.6
1.7
1.2
,8
.4

,3

4._
3.5
2.6
2.5
1.8
1.5
.5
.2
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TABLE II. Test Data for Model 28, 10 ° Dead Rise

Water density 63.5 lb./cu.ft. Water temperature 610 r.

Kinematic viscosity = 0.0000123 ft.3/seo.

Trlm angle, _ - 20

Load 8peed Resist- 1Center Wetted Draft

anoe of length

pr's B--

sure

lb. f.p. s, lb. In. ln. in.

5 20.9 1.4 6.0 19 1.0

21.0 I.I 3.3 16 .9

25.3 1.5 4.8 15 .8

26.6 1.2 3.3 14 .8
36.2 1.4 2.0 12 .5

36.3 1.4 2.0 12 .5

46.1 1.8 4.8 8 .5
46.8 1.1 - 8 .4

10 20.8 2.5 ii.0 25 1.3

21.0 2.4 II.0 - I.i

21.1 2.3 10.8 20 i.i
25.3 2.4 8.7 21 .9
26.3 2.5 9.9 20 .8
35.8 2.6 5.9 16 .9
36.8 2.8 8.4 14 .6
46.0 2.9 9.6 12 .6

47.4 3.1 4.6 11 .6

20 20.7 4.4 17.9 36 1.7

21.1 4.3 18.0 34 1.5
25.7 4.4 11.7 26 I.I

26.3 4.7 14.0 28 1.5

35.3 5.4 10.2 22 i.i

37.5 5.2 8.7 20 .9
47.2 5.7 7.5 16 ,8

4O 21.1 8.3 31.0 55 2.2
82.4 8.6 30.V 52 2,2
26.1 6.3 26.0 45 1.9
36.3 10.2 17.4 - 1.0

36.5 9.4 14.1 29 1.2
36.5 8.1 11.5 27 1.3

46.7 10.0 10.2 20 1.0

60 35.6 12.9 18.8

36.6 13.9 20.7

37.5 13.4 18.7
45.4 14.4 12.6

46.0 14.3 18.0

TrLm angle, • =

14.0 0.7 3.1
15.5 .7 6.1

17.8 .7 6.1

18.8 .8 6.2
20.0 .8 6.2

21.5 .7 4.0

22.1 .9 6.9

B2.4 .8 4.3

27.0 .7 6.3
27.2 .9 8.6

27.6 .5 3.5
38.0 .7 6.4

38.4 .5
.8 6.6 I47.4

r

IMeaeured from trailing edge.

40 i. 5

50 1.5
38 i. 5

27 I. I
30 1.2

4 °

0.6
.7
.8
.8
.5
.5
.6

.7

.5

.5

.5

.4

.3

.1

Trim angle, • = 40

Load ISpeed Reeist-I1Center WettedlDraft
ante ! of length

lb.

I0

20

40

60

80

I pres-
sure

f. p. s, lb. in. in.
! I

14.1 1.1 I 5.3 15
15.4 1.1 8.0 12

17.6 i.i I 9.1 8
18.9 1.2 I 5.1 I0

20.0 1.2 8.1 8

21.61 1.4 5.3 9

21.9 1.4 9.5 8
23.0 1.4 5.2 8

27.3 1.4 ! 9.5 8
28.1 1.3 ' 3.2 8

37.3 1.5 9.6 6
38.5 1.2 1.9 5
44.5 1.5 3.8 6

47.3 1.6 9.7 4

13.9 2.3 13.5 25
15.4 2.5 15.4 22
17.6 2.3 14.4 18
18.8 2.3 7.7 15

21.3 2.4 6.6 13

23.1 2.5 5.5 12

27.9 2.4 5.0 I0
38.6 2.6 3.7 8
44.0 2.7 4.2 9

17.8 5.4 19.8 36
19.6 5.4 - 39

19.? 5.6 17.1 26

21.5 5.3 16.6 28
21.6 5.4 14 1 24

23.3 5.1 I0.8 19

27.9 4.9 7.2 14
38.5 4.8 4.8 II

44.7 5.4 i. S ii

18.2 8.4 26.0 50

19.7 8.5 25.0 41
19.9 8.8 24.5 40
21. _ 8.7 23.9 37

21.6 8.5 22. I 40
28.1 7.6 i0. ? 20

38.9 7.I 5.8 13
44.2 8.0 5.6 14

19.3 ii.4 29.5 52

20.0 11.5 89.4 50

21.0 11.6 28.4 45
22.1 11.7 27.2 50

26.9 11.1 18.5 30
39.0 9.3 7.3 16

48.0 9.9 5.7 13

in.

0.9
.8

1.1
.9 ;
.8
.8
.6
.7
.5
.5
.3
.3

1.6
1.3
1.4,
1.2

.9

.8

.7

2.4
1.4
1.8
1.7
1.6
1.4
1.0

.9
1.0

2.9
2.8
2.8
2.5
2.4
1.2

.9
1.0

3.5

3.5
3.1

3.2

2.1
1.0

1.0
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TABLE II. Test Data for Model 38, 10 ° Dead Rise (Contlnu_d)

Water density 65.5 lb./cu.ft. Water temperature 61 ° F.

Kinematic viscosity - 0.0000123 ft.2/seo.

Trim angle, • = 6 °

LoadiSpeed Resist- lOenter!Wetted Draft

ance of length

pree-
sure

lb. f.p.s, lb. in. In'. in.

5 13.2 0.6 3.8 6 0.5

15.2 .6 5.8 6 .5

15.:_ .9 2.6 6 .5
17.7 .7 2.0 5 .6
20.4 .8 4.2 4 .6
23.3 .6 3.7 3 .4
27.2 .6 1.7 3 .4
38.0 .6 3.5 2 .3
48.1 .4 3.2 1 .2

I0 12.2 1.4 5.4 i0 0.9

13.1 1.2 9.9 i0 .7

15.2 1.4 4.0 7 .8

15.5 1.3 9.0 I0 .6

17.8 1.3 I0.0 7 .8
19.8 1.4 3.0 6 .7

22.5 1.2 2.6 5 .6

27.0 1.1 2.5 5 .5

37.7 i.I 2.4 3 .4
46.0 .8 2.2 3 .4

30 12.1 2.8 11.3 19 1.7

14.0 2.6 7.5 14 1.3

14.4 3.5 14.5 16 I.I

18.0 2.5 4.8 9 1.0

19.9 2.6 4.3 8 .8

22.6 2.6 3.8 7 .8
27.4 2.6 2.8 6 .6

38.2 2.6 2.7 5 .6
46.5 2.4 2.0 4 .5

40 13.2 5.7 18.7 3,3 2.9

14.1 5.6 16.9 28 _..7
14.3 5.7 17.9 38 2.5
16.2 5.5 16.3 35 1.8

17.8 5.5 10.3 17 1.8
20.2 5.3 7.4 13 1.4

22.6 5.0 5.4 10 .9
37.1 4.8 4.6 9 1.0

37.7 4.8 3.2 7 .7
46.8 5.3 3.0 6 .6

60 13.3 8.7 23.4 43 3.9
16.2 8.8 20.0 35 3.0

18.7 8.6 17.i 28 3.3

19.5 8.4 - 24 2.0

19.7 8.6 14.1 23 2.5

22.3 7.9 9.6 17 1.5
27.7 7.4 5.4 ii i.i

38.2 7.6 3.6 8 .8

47.4 7.4 3.0 7 .7

80 16.1 11.7 25.7 50 4.1

18.9 11.9 22.5 58 3.5

19.4 ii .9 20.6 32 3.0

21.3 II. 8 18. I 28 2.7

27.5 I0.i 7.8 15 1.5

27.6 10.2 7.3 15 1.4

32.0 9.8 5.0 II 1.1

38.0 9.8 4.4 I0 .9

47.4 10.0 4.4 8 .9

1Measured from trailing edge.

Trim angle, T - 8 °

Load Speed

lb.

5

10

20

40

60

8O

_ I

f.p.e.

13.0

13.1

15.2

15.4

17.8
20.0

21.7

25.2
35.8

45.5

13.0

13.0

15.2

17.8
20.2

22.4

24.8
35.9

45.6

13.0

15.1

17.6

20.1

32.3

24.8

35.9

Resist- lOente: Wette( Draft

auce of lengt1

pres-
sure

ib. in. in. in.

0.8 5.5 5 0.6

.8 7.9 5 .4

.8 1.8 4 .5

.7 7.7 6 .3

.8 1.6 3 .5

.8 1.7 3 .5

1.0 2.1 3 .5

.6 1.2 3 .3

.8 3.7 3 .3

.5 4.9 1 .I

1.5 3.7 7 0.8
1.4 11.8 7 .6

1.6 2.6 6 .7
1.5 2.6 5 .7
1.6 2.7 4 .7
1.5 2.7 4 .5
1.7 4.3 5 .5
1.5 2.7 3 .3
1.3 4.2 2 .3

3.0 6.8 12 1.2i

3.i 4.1 8 l. Oi

3.0 3.0 7 i.i;

2.9 2.5 7 .u

2.9 3.1 6 -

3.01 2.7 6 -
2.6 2.3 4 ._

45.8 2.8 3.1 3 .b I

13.0 6.5 14.1

15.3 6.4 I0.I

18.2 6.1 5.6
20.2 6.0 4.4

22.2 5.9 3.9
24.8 5.6 I 3.1

35.5 5.6 2.3
46.1 5.4 2.4

12.9 I0.i 19.3

14.9 10.2
18.1 9.5 10.6

20.2 9.3 8.1

22.5 8.8 5.5

27.5 8.7 3.9
35.8 8.5 3.0
47.0 8.7 2.7

24 2.8 1

17 2.0 1

II 1.4 1

9 1.3 1
8 .S i

8 1.0 1

5 ._ F
4 ._

35 3.4 1
28 3.5 I

17 2.2 I

15 1.9 I
13 1.2 1

7 1.0 1

6 .u i

5 " '

13.2 13.3

15.0 13.7 21.5

17.4 13.6 13.6

19.3 13.0 -
20.7 12.8 I 11.7
22.4 1_.6 I 8.6

27.0 12.0 5.5
35.6 II .6 3.6

23.0 44 4.5 I
38 3.7 I

29 2.61
24 1.8 I
19 2.3 I
15 _"'

9 q _ i

8 ._ i
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TABLE I11. Test Data for MRdel _9, 20 ° Dead Rise
Water density 65.5 lb./cu.ft. Water temperature 60" F. Kinematic vieoosl_y = 0 0000125 ft.2/sec.

Trim angle, _ - 8 °Tri_ a_le, T u 4 °

Resiotanee iOenter of WettedLoad Speed

lb. f.p.e, lb.

5 14.5 0.9
29.7 1.3
35.7 1.6
45.1 1.7

10 14.5 1.8
30.0 99
36.0 2.6
44.5 9.9

90 14.5 3.6
30.8 4.5
_5.6 4.7
45.0 5.3

40 30.1 8.5
37.2 9.1
45.9 9.8

60 30.5 11.6
35.9 12.9
45.1 14.0

80 30.4 15.9
35.3 16,0

Trlm anglo,

13.0
12.9
12.9

14.4

Trim angle,

5 17.2 1.0
19.9 1.0
91.9 1.0
23.9 1.0
29.5 .9
34.6 .8
44.5 1.0

10 19.3 1.5
17.1 1.7
19.3 1.8
91.0 1.7

34.1 1.8
_9.5 1.8
34,5 1.8
44.8 1.9

_0 12.3 2.9

14.3 3.0
17.0 2.8
19.1 3.3
21.0 3.4
24.0 3.3
29.2 3.6
34.8 3.6
44.1 3.6

40 14.4 6.4
17.1 6.4
19.4 6.4
21.3 8.2
94.4 6.9
25.9 6.7
29.3 6.9
30.1 7.0
34.4 6.9
44.6 7.4

60 91.0 9.5
84.5 9.4
_9.0 9.7

35. O 10.6
44.9 11.2

80 94.5
29.1
34.8

43:0

12.7 1.0
14.9 1.1
17.4 1.0
19.3 1.1
21.2 1.0
25.2 1.0
30.4 .9
35.8 1.0
45.8 .8

Draft
pressure length

in. in. in.

8.9 18 1.5

5.0 9 .8
59 7 .7
4.1 6 .7

i0. T 94 i. 7
6.1 13 1.0
4.6 i0 .8
4.0 8 1.0

16.5 35 8,5

3.9 17 9.4
7.3 13 1.2
5.9 II I.I

11.0 84 8.0
I0.5 82 1.5
7.4 18 1.4

13.8 33 8.3
13.0 27 8.0
9.i 24 1.7

18.5 37 2.7
18.3 29 2.3

'r =50

7.0 9 1.0
6.9 8 1.9
5.1 6 .8
6.8 6 .8
4.7 4 .7

4.6 4 .5
5.0 2 .5

9.4 18 1.2
5.6 1;3 1.4
5.7 II 1.4
5.6 IO 1.0
5.6 8 1.0

4.7 6 1.0
4.7 6 .8
4.8 5 .6

13.4 26 2.6
i0.9 21 2.2
8.9 17 1.8

7.5 15 1.7
7.0 14 1.5
6.4 12 1.3
5.3 9 1.9
4.7 8 i.i
4.7 7 i.i

17.5 34 3.6
13.7 97 8.9
11.3 95 8.4

9.1 20 8.1
8.2 17 1.9
7.2 18 1.7
6.9 14 1.7
6.6 15 1.6
6.6 18 1,4
4.7 10 1.2

14.8 88 8.9
10.5 22 2.4

8.0 1? 1.9
7.3 15 1.T
6.8 14 1.6

14.0 86 8.9

i0.0 21 2.4
8.2 18 8.9

6.9 16 1.8

a 8°

6.4 1.3
6.6 1,0
6.4 1.8
6.8 1.1

6.5 1.0
4.5 .7
6.5 .5
6.7 .7
8.0 .3

lb.

I 80

IMsasured from trailing edge.

1Center of

pressure

7.0
6.1
5.1
5.3
5.0
6.0

6.3
5,4
6,1

9.2
7.0

6.5
5.7
5.2
5.2
5.4
4.9
5.0

15.3

12.6
9.0
7.4
6.8
6.I
1.9
5.2
4.9

13.7
11.4
9.5
6.8
5.1
5.3
4.7

15.8
18.7

8.7
6.7
6.4
6.2

= i0 o

8.2

i78
_..6
3.8
?.4
11.4

4.8

1.9
4.8
9.8
4.9

5.7
?.4

7.9
4.5
4.4
3.4
4.5
3.5
4.4

12.0
8.0
6.0

5.7
4.2
4.0
3.0

14.9
9.6
7.8
5.4
4.3
3.2

I5.9
11.7
6.6

5.8
5.8

:4
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TABLE IV. Test Data for Model 30, 30 ° Dead Rise

Water density 63.5 lb./cu.ft. Water temperature 570 F.

Kinematic viscosity - 0.0000130 ft.2/eeo.

Trim a_gle, -c u 40

Load Speed Resist- 1Center Wetted Draft
ante of length

pres-
SILTS

lb. f.p.s, lb. in. in. in.

11.3 0.8 13.4 32 2.2
13.2 1.3 12.2 30 a.1
15.8 1.4 10.4 26 2.0
18.2 1.5 10.7 23 2.0
20.0 1.8 11.3 21 2.0
25.0 2.1 9.7 lS 1.4
30.0 2.4 8.6 16 1.3
35.5 2.4 6.6 13 1.2
45.0 3.1 22.6 10 .8

Trim angle, -r = 6 _- ......... ]

Load I Speed Resist-anoe 1Oenterof WettedlengthDraft

i pres-
sure

lb. f.p.s, lb. in. in. in.

40 13.4 7.0 19.1 47 4.9
15.9 7.5 18.3 42 4.5
18.2 8.1 17.5 38 4.3

19.6 7.9 16.2 36 3.9
S0.4 8.3 15.0 34 3.7

25.a 9.2 12.3 28 5.1
31.2 9.5 10.8 24 2.6
35.0 11.3 12.1 20 2.4

45.5 11.7 8.2 15 1.9

10 11.3 1.8 15.2 42 2.8

13.2 2.2 14.6 38 2.7
16.1 2.6 14.1 35 2.5

17.8 3.0 14.5 32 2.4
20.0 3.4 14.1 31 2.4

25.0 3.8 12.5 25 1.9
30.0 3.9 i0.7 21 I .7

35.7 4.5 9.3 19 1.5
45.1 4.9 7.8 15 1.2

aO 20.2 5.8 17.6 42 3.1
24.6 7.0 16.0 37 2.6
29.8 7.8 14.! 31 2.4
35.9 8.2 12.3 25 1.4

45.2 9.2 10.8 21 1.8

40 29.8 12.7 17.9 42 3.1

35.8 14.6 16.4 37 2.0
40.7 15.3 14.4 33 2.3

Trl= angle , _" = 6 °

5 10.8 1.0 7.8 22 2.3
13.2 1.2 8.4 19 2.0
15.6 1.2 8.4 16 1.8

18.1 1.3 6.7 13 2.0
20.0 1.4 6.8 12 2.0

25.2 1.6 4.4 10 1.3

30.4 1.2 6.3 8 1.0
35.9 1.7 3.6 6 I.i

45.2 2.2 4.6 5 1.0

10 11.i 1.8 12.3 29 3.1

12.9 2.1 11.6 26 2.8
15.7 2.0 10.5 22 2.6
18.2 2.4 8.8 19 2.3
20.0 2.6 8.2 18 2.2
25.2 2.7 8.4 14 1.8

30.2 2.6 6.2 Ii 1.6
35.5 3.5 7.2 i0 1.4
56.4 3.0 6.? 8 1.3

_,0 11.3 3.3 15.4 38 4.0

13.i 3.8 14.6 34 5.7
15.9 3.9 13.2 30 3.2
18.4 4.5 12.6 27 3.4

20.2 4.5 11.6 24 2.9
25.1 5.5 9.7 20 2.2

30.6 5.2 8.0 17 2.1

35.7 5.7 7.3 13 1.7
44.9 6.3 5.6 I0 1.3

IMeasured from trailing edge.

60 19.8 11.6 19.9 45 4.6
25.1 13.0 15.7 35 3.8

29.0 13.6 13.3 30 3.3
35.5 14.9 11.5 24 2.9

40.8 16.1 10.2 20 2.5
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TABLEIV. Test Data for Model 30, SO ° Dead Rise (Continued)

Water density 63.5 ib./cu.ft. Water temperature 57 ° F.

Kinematic viscosity = 0.0000130 ft,2/se¢.

Trim angle,

Load ISpeed Reslst-llCenter
ance of

pres-

sure

lb. f.p.s, lb. in.

= 8 °

Wetted

length

in.

Draft

in.

40 11.8 8.9 17.i 40 5.4
14.4 7.3 15.9 34 4.8

17.0 7.5 13.4 28 4.2

18.4 7.6 12.0 26 4.0

21.0 7.5 I0.5 23 3.4
21.0 7.6 10.7 22 3.4
25.6 7.7 8.5 18 2.7
26.6 8.6 8.6 18 3.0
30.6 8.3 8.1 16 2.4
38.8 8.8 I0.7 12 2.1

46.4 9.2 6.1 I0 1.7

60 12.0 10.6 20.1 48 6.5

13.8 10.6 19.8 44 6.1

16.7 11.3 17.8 37 5.5
18.7 11.5 15.0 33 4.9

21.1 11.6 13.4 29 4.3

26.2 12.3 i0.8 22 3.5

30.6 12,8 8.9 18 2.8

36.0 13.1 8.0 15 2.6

46.6 14.1 7.0 14 8.0

80 13.8 14.5 - 51 7.0
17.4 15.1 20.5 43 6.0

21.0 16.2 17.5 35 5. i

26.4 16.2 IZ.5 26 3.8

30.4 16.5 10.6 22 3.2
38.2 17.5 9.0 18 2.8

Trim angle, r = I0 °

5 10.9 1.2 6.7 14 2.0
13.6 I.i 6.6 9 1.6

16.3 I.I 6.6 7 1.4
18.0 1.2 8.8 6 1.6

20.8 1.1 7.5 5 1.4
25.4 1.0 8.2 4 1.0

30.4 I.I 8.5 4 .8

35.8 i.I 6.7 3 .6
45.4 1.3 9.0 2 .6

i0 ii.i 2.i 8.4 16 2.8
13.5 2.1 7.4 12 2.3

16.0 2.2 7.5 ii 2.1
17.9 2.1 7.4 9 1.9

20.5 2.1 6.4 8 1.8
25.6 2.2 5.5 6 1.3

30.7 2.0 5.2 5 i.i

36.3 2.5 6.7 4 i.I
45.2 2.6 6.0 3 .9

20 II.I 3.9 11.2 22 3.9

14.0 4.1 8.9 18 3.0
16.1 4.1 8.4 14 2.6

18.5 4.2 7.0 13 2.8

20.4 4.2 7.3 12 2.4

25.5 4.1 5.2 i0 2.0

30.0 4.3 5.4 8 1.6
35.8 4.5 5.5 6 1.4

45.3 4.9 5.2 5 1.2

IMeasured from trailing edge.

Trim angle,

Load[SpeediReslst- iCente:

ante of

pres.
slate

Ib f.p.s, lb. in.

4O

80

80

5

i0

20

40

60

_. = I0 °

11.3

14.0
16.3

18.3

20.6

25.4

30.0
35.7

45.4

12.3

13.3

13.7

16.1
18.3

20.4
24.8

30. I

35.6

44.8

12.3

15.0
16.4 !
1o i

20.4 I
_%.b ]

7.6 , 14.9
7.9 13.3

7.9 11.2

8.0 9.5
8.0 8.2

8.2 7.2

8.3 6.2
8.9 5.9
8.8 5.0

II.7 17.7

11.8 17.3
12.0 17.01

12.1 14.51
12.1 12.4 I

12.0 I0.6 1
12.0 _.4 l

12.7 7.2 I
13.1 6.5 I
14.1 5.5 1

b

15.4 16.2 1

16.1 19.2 I
16.4 18.0 1
16.8 16.2 I

16.6 13.6 I
16.4 I 10.2 1

Wetted Draft

length

in. in.

32 5.8

27 4.6

22 3.8
19 3.6

17 3.3

14 2.6
13 2.2

9 2.0
8 1.5

39

37

36
30

25

21

18

14
12

i0

46
40

38
32

27
21

30.o I 17.1 I 18
Trim angle, 7 = 12 °

30.8 i.I I 8.1 3

37.0 .9 1 7.4 2

I

30.9 2.4 I 5.2 4

37.3 2.5 [ 6.4 3

I
31.1 4.9 [ 4.2 6
37.0 4.9 I 4.8 5

I

31.3 9.3 I 5.1 9
57.2 9.7 [ 4.8 8

l

$0.7 14.2 I 5.o 11
36.4 14.3 [ 5.0 i0

i

6.6
6.2
8.I

5.1
4.8
3.9
3.3
2.8
2.4

2.0

7.8
6.8
6.2
5.5
4.9
3.8
3.0

0.7
.5

.8
.8

1.3

1.0

1.9

1.6

2.3
2.0
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